In the event of an epidemic of Legionnaires' disease, prompt and unambiguous identification of the source of infection and immediate undertaking of repair actions is a necessary condition to limit and minimise the effects of the developing epidemic. In the classical method for determining the level of Legionella bacteria in water samples, the effectiveness of the reparative action (increase of the water temperature in the water supply system to 60 0 C, additional chlorination) can only be confirmed after 14 days!!! Only by using the IMMS&FCM method can Legionella's determination time be reduced to 2-4 hours, which is the most important factor in limiting the development of an epidemic.
INTRODUCTION
LEGIONELLA BACTERIA - MAIN 
MICROBIOLOGICAL HAZARDS TRANSMITTED BY SERVICE WATER IN THE FACILITIES AND VESSELS OF THE NAVY OF THE REPUBLIC OF POLAND
Legionella is a commonly occurring bacterium in the aquatic environment. Particularly dangerous is Legionella pneumophila, one of more than thirty species of this bacterium.
All Legionella bacteria develop in puddles of dirty water, biofilm contained in water supply pipes, at the outlets of air conditioning systems. The cells of these bacteria were also found under shower strainers and in taps with running water.
At room temperature, Legionella pneumophila can survive more than 12 months in tap water. The habitat of these bacteria can be streams, ponds or even mud.
A legionella longbeachae strain has been identified in compost and soil in greenhouses with floral cultures.
In 2010, a report appeared about a new source of Legionella spp. infection which is particularly hazardous for professional drivers. This source was a suspension of water produced by the car windshield flushing system [1] .
Legionella multiplies as an intracellular parasite (in amoebae), in the biofilm or in a free state in flowing water.
In aerosol form it can reach the human lungs causing severe pneumonia, legionellosis or a moderate respiratory infection called Pontiac fever.
Epidemics caused by Legionella pneumophila are characterised by high mortality (15-20%), which can reach up to 50% in immunocompromised patients.
According to the GIDEON on-line portal, between 1999 and 2015 in Poland we observe a systematic increase in the detection of Legionella spp. bacteria in the environment. In general, it can be said that the level above which there is a risk of infection for humans is: 10 4 cfu /L or 6.4 x10 4 gu for Legionella spp 10 2 cfu/L or 6.4 x10 2 gu for Legionella pneumophila
The Legionella spp. risk assessment is traditionally carried out by concentrating a water sample by centrifugation or filtration followed by selective multiplication. It is treated as a so-called "reference standard" and has many disadvantages, including the most important one, i.e. a long multiplication period of approximately 10 days. Such a long period of time, from the moment of sampling to the moment of obtaining the result, makes the classical method useless in a situation requiring rapid intervention and preventive action.
In addition, under certain, not so rare conditions such as oxidative or osmotic stress and low nutrient levels, Legionella bacteria may lose their ability to divide, while retaining the potential to return to the function of multiplication in favourable conditions. These so-called 'dormant' Legionella cells (VBNC Legionella cells) pose a real threat to humans and are the main cause of the discrepancy in the classic and RT-PCR assay of Legionella bacteria.
The obligation to perform periodic tests for the presence of Legionella bacteria in water in public utility buildings is specified in the Regulation of the Minister of Health of 29 June 2007 on the quality of drinking water (Journal of Laws No. 61, item 417).
In water samples taken by employees of the WSSE Gdańsk and samples taken by ZMMiH WIM staff in selected facilities of the Polish Navy, the Environmental Research Laboratory of ZMMiH WIM and the Microbiology Laboratory of the WSSE conducted tests for the presence of Legionella spp. using the classical method and RT-PCR technique using commercial sets manufactured by BioRad and Immogena [2, 3, 4] .
Simultaneously in all water samples the level of L. pneumophila SG1 was determined by IMS immunoseparation with flow cytometry (FCM) analysis.
The aim of this study was to develop a methodology for determining the presence of Legionella pneumophila bacteria in environmental samples using qPCR and IMS methods (magnetic immunoseparation).
LEGIONELLA -TESTING METHODOLOGY

BY IMMUNOSEPARATION AND FLOW CYTOMETRY
The method of separation with the use of magnetic particles was invented by Professor John Ugelstad as early as in the 1970s. Today, immunoseparation techniques have revolutionised the methods of isolation of many biological substances and particles and have found a large number of applications in numerous scientific fields, for which methods of purification and separation are one of the most important and complex processes.
It is worth noting that research on this method is conducted with great intensity all over the world. Each year the number of applications is increasing and numerous technological studies are being developed, which significantly contribute to the development of the method, e.g. non-linear magnetophoretic separation, the advantage of which is the possibility to use many pathogens for simultaneous separation with sensitivity up to a million times higher than solid phase immunological tests, now commonly used in diagnostics.
Many advantages of the immunoseparation method have led to significant development of the method, improvement of its efficiency and development of magnetic particles with immobilised antibodies of lower sedimentation degree, smaller size and very diverse composition. Financially attractive and highly efficient methods are critical factors in industrial biotechnology and biological routine diagnostic procedures. Biomagnetic isolation techniques have become extremely important and have been applied in many areas, such as genetic engineering, immunology and molecular diagnostics.
Magnetic particles with a core of magnetite and coated with specific antibodies are particles of very high stability, uniformity, unique paramagnetic properties, low interaction between themselves and high dispersion ability. They are a very good alternative to the currently widely used technology of nucleic acid purification on columns with different types of sorbents. Their application allows to significantly shorten the time and reduce the investment outlays associated with the costly implementation of the technological process such as cell separation or efficient nucleic acid extraction.
Rapid cell separation or nucleic acid purification is a key step in most molecular biology and diagnostic procedures. The main objective of this stage is to achieve high quality and purity of biological material, regardless of its source. Separation processes are the first step preceding any other molecular technique. Nowadays, the use of modern molecular techniques is a powerful weapon to analyse the architecture of genes and control their expression. The obtained material is used in other molecular techniques such as PCR polymerisation chain reaction, RTPCR, qPCR, genomic library construction, hybridisation, RFLP, ALFP, and preparation of microarrays for gene expression analysis.
The growing demand for immunoseparation methods and their market implementation is mainly due to the growing demand on the part of medicine and industrial biotechnology. Molecular tests are used in the analysis of cancer markers, diagnosis of bacterial diseases such as borreliosis and viral diseases such as hepatitis HCV, HBV or analysis of potential sources of contamination such as analysis of water samples [5] .
The test material is usually samples of peripheral blood, animal and plant tissues, dried blood, sperm, saliva and blood stains from different animal species, mycelium fragments, and water samples. At present, it is difficult to imagine, inter alia, an investigation of disputed fatherhood or forensic medicine and criminology without the use of molecular techniques to study microscopic and biological traces found at the crime scene, which may provide evidence. There are many methods of extracting material from the sample, but the selection of the most appropriate one depends on the type of material analysed.
The choice of sample preparation method prior to analysis using molecular techniques is critical for the sensitivity of the analytical technique and is in most cases crucial for the success of the entire diagnostic process.
When selecting the appropriate method, a wide spectrum of application of the obtained isolates in further analytical processes should be taken into account. Different quality requirements mean that it is difficult to propose one common sample preparation technique for techniques based on genomic assays such as classic PCR, qPCR, LAMP Loop (Mediated Isothermal Amplification), CPA (Cross Primer Amplification) and proteomic -ELISA, immunochromatography (LF).
The existing analytical techniques, apart from the classical method (inoculation), are mostly based on nucleic acid extraction or proteomic analysis and are usually a combination of two or more of the following techniques: precipitation by solvent extraction, chromatography, centrifugation or affinity-based separation. Popular methods for genomic DNA determination of bacteria (PCR, qPCR) have been developed based on nucleic acid extraction by column chromatography. Specially prepared columns, with a sorbent or membrane, bind nucleic acids under conditions of high ionic strength. The application of the chromatographic technique allowed to significantly simplify and shorten the time of nucleic acids isolation in comparison to classical methods, especially the solvent extraction method.
The limitations of the method result from the fixed amount of sorbent in the chromatographic column (which remains unchanged), while increasing the efficiency of the isolation process involves the use of a much larger number of columns, or the purchase of a set version designed for a different scale with a larger amount of sorbent, which is an additional economic barrier, or extends the time required for preparation of material for analysis. Another limitation of the chromatographic method is the relatively high degree of DNA fragmentation, which may affect the analytical process itself. On sorbent columns, fragments of several dozen to several hundred thousand pairs of bases are usually obtained, which significantly hinders accurate quantitative measurement of nucleic acids. An additional limitation of the genomic DNA extraction technique is the impossibility of answering the question of whether living or dead cells have been extracted from the isolate. Therefore, using these methods, it is not possible to unequivocally answer the question of whether the material assessed is infectious. In addition, chromatographic techniques necessitate the use of special equipment, which also severely limits the ease with which the sample preparation process can be carried out. It is practically impossible to use chromatographic methods to test more than a few dozen samples at the same time.
When developing the test methodology at the sample preparation stage, efforts were made to consider all the criteria for evaluating the method and, at the final stage, to develop a fast and reliable diagnostic method that would also allow for full automation of the process.
While analysing the separation techniques we evaluated many parameters affecting the performance, sensitivity and specificity of the diagnostic process and the scalability of the method, the risk of contamination and the possibility of automation of the method.
High efficiency of the separation/isolation process, i.e. the number of bacteria cells, nucleic acid particles or protein antigen extracted per specified amount of the starting material to be analysed, ensures that the optimum sensitivity of the analytical method is achieved.
The sensitivity of the method is also a parameter Faculty of Mechanical and Electrical Engineering of the Polish Naval Academy that determines the minimum amount of material that can be used for isolation in order to obtain a measurable result or a positive result from the analytical method. This is particularly important for diagnostic tests, where the sensitivity of the diagnostic method may be decisive for the patient's survival. During the validation test, the parameter LOD -limit of detection of the analytical method -is determined. The purity of the obtained nucleic acid or protein isolate largely determines the selection of other testing techniques and decisively affects the sensitivity and efficiency of the adopted testing method. Obtaining high purity of nucleic acids and proteins often determines the success and outcome of the entire diagnostic procedure.
The scalability of the method determines the possibility of increasing or decreasing the scale of the process in relation to the current need. The ability to obtain more or less isolate from a wide range of sample volumes makes it more versatile and cost-effective.
The risk of contamination is the risk of biological contamination of the sample during the process. Increased risk of contamination during the process eliminates the applicability of the method in molecular diagnostics.
IMMUNOSEPARATION TECHNIQUES
Taking into account the above criteria, the only method to be used in the analysis of water samples for the presence of Legionella pneumophila bacteria is the IMS technique -immunoseparation operating on the basis of magnetic particles coated with a fraction of immunoglobulin which naturally binds the surface antigens of Legionella pneumophila bacteria. The magnetic particles used in the development of the L. pneumophila test method were obtained from Rqmicro company (Switzerland).
Several aminosilane derivatives have been isolated, which can be successfully deposited on the surface of magnetite and used to prepare sorbents using the IMS technique as the basis for the attachment of immunoglobulin fractions specifically binding bacterial antigens, e.g. Legionella pneumophila.
The diameter of magnetic particles with immobilised fraction of IgG anti-Legionella pneumophila immunoglobulin proteins is calibrated at ~100 nm, so the magnetic field obtained on their basis is characterised by a very well-developed binding surface while maintaining very strong magnetic properties.
The obtained magnetic particles have been thoroughly examined with respect to their stability and the data obtained confirm their high suitability for achieving the assumed objective. The IMS immunoseparation technique enables a very rapid, efficient and specific binding of whole bacterial cells of Legionella pneumophila bacteria to the surface of the particles.
The Rqmicro kit -L. pneumophila SG1 manufactured on the basis of the above mentioned magnetic particles has been evaluated in connection with the current study. [6] Flow cytometry, the first technique developed for single cell analysis, combines the flexibility and sensitivity of fluorescence technology with the speed and feasibility of data integration. It has become the gold standard in cellular analysis and is now used as an analytical tool in many areas of life sciences.
FLOW CYTOMETRY (FCM)
As cellular biology research develops, flow cytometry, due to its widespread use, has an increasing number of analytical applications. It offers several important opportunities for researchers and clinicians.
Firstly, it enables the analysis of cell populations on a cell-by-cell basis (one cell after another). This is a critical ability for today's researchers and clinicians, who are looking for very specific cells among the many found in the sample. This makes it possible to diagnose or monitor many biological processes that cause serious diseases or to monitor emerging biological hazards in samples of the examined cells.
Secondly, flow cytometry has a fundamental advantage -it is extremely fast. The speed of routine sample analysis can reach up to 10,000 cells per secondan incredible improvement compared to historical methods of visual examination and cell counting. This technique makes it possible to simultaneously measure multiple parameters (so-called multiplexing) of individual cells.
Flow cytometry can be used to both sort and analyse cell populations. This is valuable because it facilitates analysis of the specific type of cells that are being searched for. As soon as the population of cells to be sorted is identified, a fluid stream containing the sample is redirected at high pressure through the fluid system into a single stream whereby the cells pass individually through the laser beam, where cell information is detected. If the cell corresponds to a specific parameter, the cytometer generates an electrical charge. As a result, the charged cell is deflected into a tube and sorted. The sorted cells can be cultured or tested by other tests. Uncharged droplets are directed to the waste container along with the stream. This process is fast and enables the analysis of approximately 20,000 cells per second.
Flow cytometers include three main systemsfluid, optical and electronic. The fluid system passes a sample of whole cells (e.g. an IMS sample) through a flow chamber in such a way that the cells pass individually through a laser beam. Each cell passing through the beam scatters the light and may emit fluorescent light. These light signals are collected by the optical system and directed to various detectors. The signals received by the detectors are then converted into numerical values by the electronics. Results can be displayed on the screen or saved for future analysis using specially designed software. As each cell passes through the beam, its parameters (e.g. whether it is alive or dead) are measured and recorded. Typically, data are collected for at least 10,000 cells per sample.
Monoclonal antibodies are most commonly used to mark cells in cytometry, allowing researchers to "mark" specific cell populations. Simultaneous analysis of many cell populations and their functional parameters required the inclusion of fluorescence and multicolour staining into the technology. The result of this combination of technologies is a very effective system that can be used to monitor biological hazards. Its definite advantage is the possibility of analysing single cells and their subsequent grouping, e.g. into living and dead cells. 
Polish Hyperbaric Research
RESEARCH METHODOLOGY
L. pneumophila (IMS) research methodology comprises four stages:
1. Concentration of the water sample by filtration and dissolution in a small amount of buffer (NR1). The choice between manual and automatic methods was dictated by the reduction of accidental contamination of the tested samples in the case of the manual method. Moreover, using the CellStream apparatus, a high repeatability of the tests was obtained, which significantly affects the reliability of the method. An additional advantage is the very short process time < 2 hours, which does not require the user's attention. The following analyses were carried out:  Detection of positive control in the L. pneumophila SG1 process by IMS immunoseparation with analysis on flow cytometer (FCM).
Incubation -binding Legionella cells to magnetic particles (NR2
MATERIALS REQUIRED FOR THE
Chemically inactivated strain L.p.SG1 (A). Living cells will only be present in the L.p.SG1 window after the application of the discriminatory dye (B). Axis (x) -fluorescence in the green range, axis (y) -fluorescence in the red range. 5.5x104 total L. pneumophila.
 Detection of L. pneumophila from water sample in SG1 process by IMS immunoseparation with analysis on flow cytometer (FCM). Czas (t) = 0 godz. Czas (t) = 1 godz. 
Time (t) =2 hours Time (t) -3 hours
RESULTS OF ANALYSES
The studies were based on water samples taken in September 2018 from selected Polish Navy units located in the Naval Port of Gdynia. Volume of each sample: 200ml.
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 the results obtained with the qPCR method concern both the genetic material from dead and living Legionella spp. cells, which may make it difficult to determine the extent of the reparative measures taken when Legionella spp. levels above 100 cfu/100 ml are found in samples of collected water. In the event of an epidemic of Legionnaires' disease, a prompt and unambiguous determination of the source of infection and immediate undertaking of remedial actions is a necessary condition for limiting and minimising the effects of the developing epidemic.
The guidelines of the National Hygiene Institute regarding the level of Legionella bacteria in the tested water, contained in the 2001 study on Methodology for Detection and Labelling of Legionella Bacteria in the Aquatic Environment and Clinical Material, are as follows:  < 10 3 bacterial cells of the genus Legionella in 1 litre of water -a properly operated system.  10 3 -10 4 bacterial cells of the genus Legionella in 1 litre of water -warning level, it is required to repeat the test.
 > 10 4 Legionella bacterial cells in 1 litre of water -repeat the test and simultaneously undertake intervention activities including cleaning and disinfection of the system. 
If the presence of Legionella pneumophila is detected, it is necessary at all times to carry out cleaning and disinfection of the system According to the National Institute of Hygiene, water should be tested in public utility buildings (sanatoriums, hospitals, social welfare homes), hotels and large residential complexes, and in cooling water systems at least twice a year [7] .
In the classic method of determining the level of Legionella in water samples, the effectiveness of the reparative action (increasing the temperature of water in the water supply system to 60 0 C plus additional chlorination) can be confirmed only after 14 days!!! Only the IMMS & FCM method shortens the time of Legionella determination to 2-4 hours, which is the most important factor limiting the development of the epidemic.
